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Impaired monocyte function in liver cirrhosis

AVI HASSNER, YEHUDIT KLETTER, DORIT SHLAG, MEDINA YEDVAB, MOSHE ARONSON,
SHLOMO SHIBOLET

Abstract

Monocyte function in patients with cirrhosis of the liver
was measured by phagocytosis and killing of Candida
pseudotropicalis and C albicans. Both variables were
significantly decreased in the patients compared with
controls. Control monocytes exposed for two hours to
patients' serum showed a significant decrease in in-
tracellular killing compared with control monocytes
incubated in autologous serum. This suggests the
presence of an inhibiting factor in the patients' serum.
This inhibitory factor passed through a dialysis mem-
brane that permitted the passage of molecules of less
than 12 000 daltons. Treating monocytes from patients
with trypsin significantly increased phagocytosis, in-
dicating that the possible inhibitory factor was attached
to the monocyte surface. Metabolism of monocytes
during phagocytosis as determined by chemo-
luminescence was significantly lower in monocytes from
patients compared with controls, indicating metabolic
impairment.
Monocytes are a component of the monocyte-macro-

phage system, which includes Kupffer's cells. Impairment
of the function of these cells, which have a pivotal role in
clearing portal blood, might well be extremely important
in the development of chronic liver disease.
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Introduction

Various defects have been described in the immune defence
system of patients with liver cirrhosis that might explain the
increased susceptibility of these patients to infection. Impaired
delayed hypersensitivity reactions,' impaired humoral function,2
and impaired production of complement by the diseased liver2
have been described. In a review on this subject, however,
Sherlock3 stated that there were no data showing decreased
function of Kupffer's cells in liver cirrhosis but as a result of
collateral circulation these cells were bypassed. While Kupffer's
cells and monocytes are considered to be components of the
monocyte-macrophage system,4 evaluation of monocyte function
in patients with cirrhosis of the liver might contribute to our
understanding of the factors leading to the increased tendency
for infection. We therefore investigated phagocytosis and
intracellular killing by blood monocytes from patients with
liver cirrhosis.

Subjects and methods

We studied 40 patients (17 women, 23 men) who had liver cirrhosis
that had been proved on biopsy. The mean age was 41 (range 25-67)
years. Twenty-eight patients had alcoholic cirrhosis, eight post-
necrotic cirrhosis, and the others cryptogenic or an undefined type
of liver cirrhosis. None had signs of infection during the study, and
none received antibiotics, steroids, or other immunosuppressive
drugs. We also studied 32 subjects (12 women, 20 men) who were
healthy or had angina and served as control group. None of them had
diabetes mellitus or received drugs during the study.
Mononuclear cells from heparinised venous blood were isolated

by buoyant centrifugation in Ficoll-Paque (Pharmacia).5 Candida
pseudotropicalis and C albicans were grown and phagocytosis and
intracellular killing measured according to the method of Territo
and Cline.6 Serum from patients was dialysed for 24 hours at 4°C
against physiological saline through dialysis tubing with a 12 000
dalton cut-off (A H Thomas Co, Philadelphia, USA). Monocytes
from healthy donors were incubated for 120 minutes at 4°C in
autologous serum, untreated patients' serum, and patients' serum
after dialysis. After incubation the cells were washed twice in Hanks's
Balanced Salt Solution and heparin, and phagocytosis and intracellular
killing in autologous serum were measured. Monocytes from patients
were incubated for 30 minutes at 37°C in 0-25% trypsin, washed
twice, and their function subsequently evaluated.

Chemoluminescence was measured in monocytes from the controls
and patients 30 minutes after incubation with C albicans in autologous
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serum. Measurements were performed in a scintillation counter
(Packared Tri-Carb 3255) for 30 seconds.7

Statistical significance was evaluated using Student's t test.

Results

The tables summarise phagocytosis and intracellular killing of
candida by the monocytes. Table I shows that there was a distinct
decrease in phagocytosis and intracellular killing of both Candida
species by monocytes from patients as compared with monocytes
from controls.

TABLE I-Phagocytosis (mean ± SD number of yeast cells/monocyte) and
intracellular killing (mean ft SD percentage of killed yeast cells) by monocytes
from control subjects and patients with liver cirrhosis

Patients
Patients Controls (monocytes
(group 1) (group 2) exposed to

trypsin)
(group 3)

Phagocytossis
C pseudotropicalis 1 19 0 07 1*27 ± 008 1-45 ± 0-15

Groups 1 v 2 and 1 v 3 p < 0O0025 p < 0 0005
C albicans 1.23 007 1 33±0-11 1-54±0-11

Groups 1 v 2 and 1 v 3 p < 0 0025 p < 0 0005
Intracellular killing

C pseudotropicalis 25 07 ±6 03 39 95 + 832 21-2 3-75
Groups 1 v2and I v3 p<00005 p<001

C albicans 27 81 -± 9 25 42 98 ± 7 07 24 76 4 9
Groups 1 v 2 and 1 v 3 p < 0 0005 p < 0-05

Table II shows phagocytosis and intracellular killing by normal
monocytes after incubation in patients' serum, dialysed patients'
serum, and normal serum. Intracellular killing but not phagocytosis
was reduced when the normal monocytes were incubated in patients'
serum. When patients' serum was dialysed through a membrane
permitting passage of molecules of less than 12 000 daltons it lost its
inhibiting capacity and no difference in intracellular killing was
found. After exposure of monocytes to trypsin phagocytosis was
increased, possibly indicating that an inhibitory factor has been
removed from the surface of these monocytes (table I). Chemo-
luminescence (expressed as mean +SD cpm x 105/105 monocytes
in 30 seconds) was 2 64±1 62 in the patients' monocytes and
7-62±6 16 in the control monocytes. This difference is significant
(p < 0 025). These data indicate an impairment of metabolism in the
patients' monocytes, which might also be linked to the inhibitory
factor in their serum.

TABLE iI-Effect of serum on phagocytosis (mean ±SD number of yeast cellsl
monocyte) and intracellular killing (mean ± SD percentage of killed yeast cells)
by normal monocytes

Control monocytes exposed for two hours to:

Patients' Autologous Patients' serum
serum serum after dialysis

(group i) (group 2) (group 3)

Phagocytosis
C pseudotropicalis 1-32 + 0 04 1 32 + 004 1-35 0 05

Groups I v 2 and 1 v 3 NS NS
C albicans 1 39 +0 04 1 39 ± 0-07 1 45 ±0 07

Groups 1 v 2 and 1 v 3 NS p<0025
Intracellular killing

C pseudotropicalis 30 78 1X2-1 42 37 I4-16 40 57 ± 6-36
Groups 1 v 2 and 1 v 3 p< O 0005 p< 0 0005

C albicans 34 22 4 13 44-25 ± 3 6 43-79 ±6 66
Groups 1 v 2 and 1 v 3 p - 0 0005 p < 0 0025

Discussion

There is ample evidence that in patients with cirrhosis of the
liver several components of cell-mediated immunity and
humoral immunity are impaired.l 2 Studies of monocyte
function in these patients have been scarce, however, possibly
because no routine methods are available for its assessment.
Holdstock et al showed in a preliminary publication that
monocytes from patients with cirrhosis of the liver have a

defect in chemotaxis.8 Ganguly et al found increased activity
of acid hydrolases in monocytes from patients with cirrhosis of
the liver. 9
Our data show that in patients with cirrhosis of the liver

monocyte function as determined by phagocytosis and killing
of C albicans and C pseudotropicalis is significantly decreased
and that metabolic activity of these cells as measured by chemo-
luminescence is low. In addition, a dialysable factor with a
molecular weight of less than 12 000 daltons seems to exist in
the patients' serum, which lowers intracellular killing of both
Candida species by normal monocytes. We also found that
proteolytic treatment of patients' monocytes with trypsin
improved their phagocytosis but not their killing ability. The
observed differences of action of the serum factor impairing
intracellular killing and the fact that trypsinisation of monocytes
improves phagocytosis would suggest that more than one factor
or mechanism of action plays a part. Various serum proteins
impair cellular immunity-for example, ferritin, 0 x-fetoprotein,"'
and endotoxin.1' Of these, only endotoxin has a molecular
weight of less than 12 000 daltons.
The patients that we studied did not represent a homogeneous

group but had liver disease of diverse aetiology. Monocytes have
lately been considered to be a component of the monocyte-
macrophage system, which includes among others Kupffer's
cells. There is as yet no evidence that impaired monocyte
function in a patient would also point to altered function of
Kupffer's cells. While liver macrophages function poorly in
liver cirrhosis as indicated by poor clearance of endotoxins
from the gastrointestinal tract,l3 Sherlock3 stated that these
observations could well be explained by the altered portal
circulation causing the liver and its cells to be bypassed. In
view of the pivotal role of Kupffer's cells in clearing portal blood
a possible decrease in their function like the one we describe
in the monocytes could well be extremely important in the
development of chronic liver disease. We therefore suggest that
future data on the function of Kupffer's cells in patients with
cirrhosis of the liver will lead to a better understanding of the
pathophysiology of chronic liver disease.

This study was supported in part by grant No 598 from the Chief
Scientist's Office of the Israel Ministry of Health.
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